H istorically, physician manpower data in the United States have been organized into two classes-nonfederal physicians and federal physicians. In this paper, each classification is incorporated into a larger concept called a compartment. A compartment is defined as a distinct system of health services with its own physicians, patients, financing, and practice characteristics. Until 1980, health manpower analyses considered only two compartments. But since 1980, a third compartment of health manpower analysis should be included as health maintenance organizations (HMO) have emerged as a rapidly growing system of health services.
The first compartment, the nonfederal sector, was comprised of 346,000 physicians for 183 million people in 1978. These physicians practice in solo, group, or partnership arrangements and charge fees for the services they provide. They can be considered self-employed. Nonfederal physicians establish their practices in locations of their choice and adjust their fees and their numbers of patients with few restraining forces. Among the practices of nonfederal physicians, a high correlation exists between the number of physicians and the number of services provided per capita in a geographic area. Relative to the other two compartments, compartment one has the greatest ability to absorb additional physicians.
The second compartment, the federal sector, was comprised of 19,000 physicians for 33 million people in 1978. It includes two million active duty military personnel, three million of their dependents, and 28 million veterans.
1 The physicians are employed by the government and receive a salary. In this compartment, the organizational structure permits only minor flexibility in absorbing additional physicians.
The third compartment, prepaid group practices or health maintenance organizations, was comprised of 8,000 physicians for seven million people in 1978. These physicians practice collectively in large groups and are generally paid a salary with a small bonus based on overall income of the practice. In this compartment, physicians attend to patients whose premiums for comprehensive services are predetermined, all inclusive, and usually paid by an employer. Within this compartment the rate of utilization of services is systematically reduced in order to restrain costs to within the income of the organization. Physician staffing patterns are lean compared to the first and second compartments.
The third compartment was ignored in past manpower planning because of its small size. For example, the Graduate Medical Education National Advisory Committee (GMENAC) Report in 1980 made no allowance for HMO staffing patterns in its calculation of future physician supply and requirements.
2 However, health maintenance organizations have grown substantially since publication of the GMENAC report. Because HMOs have a sharply lower ratio of physicians to population served than do the first two compartments, GMENAC's supply and HMO GROWTH AND PHYSICIANS 25 requirement figures should be reestimated to account for the HMO growth. The assumptions made by GMENAC in 1980 for its supply model should also be reassessed in light of actual data available for 1985.
GMENAC Supply Estimates
In 1980, the Graduate Medical Education National Advisory Committee reported on the future supply of and requirements for physicians.
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From a base of 375,000 physicians in 1978, the committee projected that the supply would rise to 536,000 full-time-equivalent actively practicing physicians in 1990 and 643,000 in 2000, exceeding the estimated requirements by 13 percent and 29 percent, respectively.
The GMENAC model for calculating future supply was simple, having four components: (1) the total number of full-time-equivalent actively practicing physicians in the baseline year, 1978, adjusted for expected death, disability, and retirement to yield the number of those physicians expected to continue practicing in 1990 and the year 2000; (2) the number of future graduates from U.S. medical schools, including those who have transferred to U.S. schools from off-shore or foreign schools, who after residency are expected to enter practice during the interval years of the calculation; (3) the number of future graduates of foreign medical schools, off-shore, overseas, and Canadian, who after residency training in the U.S. are expected to enter practice during the interval years of the calculation; and (4) the contribution of residents in training (nearly 90,000) to direct provision of services calculated on a full-time-equivalent practice basis assuming that each resident is equivalent in service to 0.35 of a full-time practicing physician. 4 The sum of these four components yielded the projected physician supply in future years, either 1990 or 2000. Specialty specific projections were estimated from the specialty distribution of residents in training, making some adjustments based on past experience for residents who switch fields during training or branch into a subspecialty of the parent field. The assumptions made by GMENAC in 1980 for calculating the supply of physicians, stated below, have recently been reassessed. First, the attrition rates from practice were based on data on retirement and death using the American Medical Association (AMA) Physician Masterfile. For 1985, we assume there has been little change since 1978, although higher malpractice premiums and lower incomes could lead to earlier retirement in the future.
Second, foreign medical graduates (FMGs) entering U.S. residency training were estimated by GMENAC to increase to 4,100 by 1983 and remain level thereafter. The 1983 National Study of Internal Medicine Manpower counted 1,505 FMGs (both off-shore and overseas) in R-1 (first-year residency) positions in internal medicine. 6 The 1984 figures Residents' and fellows' contribution to care was estimated by GMENAC to be 0.35 of a full-time practitioner. The same assumption is used in this paper.
Transfers to U.S. medical schools (advanced standing) from off-shore schools via the Coordinated Transfer or Medical Science Knowledge Profile programs were estimated by GMENAC to be 500 per year. In 1984-85, there were 255 students who transferred with advanced standing to a U.S. medical school from a foreign school.
9 For practical purposes all of the transferees were U.S. citizens.
First-year enrollments in medical schools were assumed by GMENAC to rise to 18,151 and 1,868 in the allopathic and osteopathic schools, respectively, by 1983 and to remain at those levels thereafter. During the 1980s the actual figures are respectively about 1,000 and 125 less than the GMENAC estimates. In addition, allopathic enrollment is falling slightly (Exhibit 1). A continued small decline is expected in future years.
Attrition rates in medical school were estimated by GMENAC to be 5 percent when graduates were compared to entrants four years earlier. A crude calculation can be made using the data in Exhibit 1. Starting with the total first-year enrollment in a year, the number of graduates four years later is subtracted, and the result is then divided by the total firstyear enrollment. This computation yields attrition rates of 3.1 percent and 4.7 percent averaged over the past sixteen years for allopathic and osteopathic schools, respectively.
These attrition rates are overstated because total first-year enrollment figures are an inflated reflection of true entry to medical education. During the past twenty years about 2.8 percent of the first-year enrollment in allopathic schools entered medical school the prior year but were required to repeat the first year usually because of inadequate academic performance. True attrition figures could be obtained by using "new first-year enrollment" (Exhibit 1) rather than "total first-year enrollment." The true attrition rate is less than 1 percent; however, supply estimates are customarily based on total first-year enrollment. This caveat does not alter the computed results in this paper but is included here because it is often overlooked in attempts to understand the dynamics of medical school-residency-practice interactions. The 1985 reassessment of the assumptions made by GMENAC indicates that there have been about 1,100 fewer medical school entrants per year, 200-300 fewer transferees with advanced standing per year, and 200 more FMGs entering residency training per year than predicted five years ago. Since medical school entrants do not enter the full-time practice pool until seven or eight years later, and new residents enter three or four years later, the effect on the 1990 GMENAC supply projection will be negligible. A 1990 supply of 536,000 actively practicing physicians is expected.
For the year 2000, the GMENAC supply projection of 643,000 should be amended by subtracting about 17,000 to account for the lower number of first-year entrants and transferees with advanced standing to medical school between the years 1981 to 1993 and by adding 3,000 for the higher number of FMGs entering residency training between 1983 and 1997. A year 2000 supply of approximately 629,000 actively practicing physicians can be expected.
How Many Physicians Are Needed?
In the past, three models have been used to estimate the requirements for physicians' services. The demand model, the needs model and the adjusted needs model are founded on a single equation: The demand model is based on current usage of medical services. Clinical illness is taken as the prevalence of an illness, not in the general population but in the population of people seeking services for that condition from physicians. Standard of care is the frequency of office visits, hospitalization, and surgery for each category of illness. The product obtained by multiplying the prevalence of clinical illness times standard of care yields the aggregate services demanded for a particular condition. Services demanded across all conditions are summed and then divided by physician productivity (patients seen per unit time) to give the total number of full-time-equivalent physicians required. The demand model essentially adjusts today's standards of care for growth in the population. This model has been criticized for perpetuating today's limitations and inequities into the future. In my opinion, the criticism appears to be valid.
The needs model is based on total population epidemiology and ideal care. Clinical illness is taken as the true incidence or prevalence of disease in the entire population. The standard of care is the number of office visits, hospitalizations, and surgery assuming that all illness and disease were to be identified and treated ideally according to a panel of experts. The needs model has been criticized because it tends to overestimate the amount of illness requiring the attention of a physician, and it assumes levels of care which for practical reasons cannot be achieved. These criticisms appear to be valid.
The adjusted needs model, developed by GMENAC makes adjustments in epidemiologic data to reflect the fraction of illness and disease that does not require medical attention and the fraction that reasonably can be expected to be identified and seen by health professionals in the target year of the estimate.
10 Downward adjustments toward practicality are also made in the idealized standard of care to reflect what reasonably can be expected to occur in the future year under consideration. Panels of experts make the adjustments in prevalence and standards of care. The adjusted needs model is cumbersome and expensive because it must consider separately many hundreds of illnesses and diseases in each age category and requires a proliferation of assumptions. Nevertheless, this model was useful to GMENAC and, with greater use, will be streamlined and simplified.
Using the adjusted needs model, GMENAC estimated that 466,000 physicians would be required in 1990, and 498,000 in the year 2000. The supply of physicians (536,000 and 643,000) as projected in the work done in 1980, therefore, would exceed requirements by 70,000 in 1990 and 145,000 in the year 2000.
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The adjusted needs model can continue to be used for calculating the requirements in the first compartment (fee-for-service), but a new model should be applied for the third compartment because of the rapid growth of enrollments in health maintenance organizations. A different basis for calculations of manpower requirements is necessitated by the markedly different use of physicians in HMOs compared to the fee-for-service system. The size of the HMO enrollment determines the number of physicians accepted into the group; a simple ratio of physicians to HMO enrollees is used. Because HMOs need to restrain utilization and cost in order to maintain a competitive premium pricing structure, the ratio is under continuing downward pressure to remain low. The requirements model for HMOs is the demographically based fixed proportions model.
HMO Growth And Staffing
In other articles in this issue of Health Affairs, explanations are given for the sharp growth of health maintenance organizations. Most prominent is the strong desire of business and government to contain costs of health care. Exhibit 2 highlights the growth. HMO enrollment has increased substantially each year since 1970. For the five-year periods 1970-1975, 1975-1980, 1980-1985 average annual growth rates were 14.7 percent, 9.9 percent, and 15.1 percent respectively. During the past twenty-four months growth has exceeded 20 percent per year. At this writing more than 18 million Americans, nearly 8 percent of the U.S. population, are enrolled. As reported elsewhere in this issue, the 1984 Louis Harris and Associates survey shows that HMOs are looked upon with increasing favor by the public, corporate officials, and the medical profession.
A plot of the percent of the U.S. population enrolled in HMOs yearly since 1970 (Exhibit 3) has the configuration of the early portion of an S-shaped curve. This curve is similar to adoption curves describing the diffusion of innovations throughout a population or among communities and countries. Diffusion theory attempts to describe and explain the processes by which innovations are introduced into a society and adopted, or rejected, by the population. 11 The theory refers to the first 2.5 percent adopters as the "innovators," and the next 13.5 percent as "early adopters," followed by "early majority," "late majority," and "laggards." With nearly 8 percent of the U.S. population enrolled in HMOs, the curve indicates completion of enrollment of the innovators and progress half way through the early adopters. The theory holds that once the early adopters have joined a movement, adoption by the rest of the society follows rapidly. Current evidence consisting of enrollment growth since 1970, accelerated enrollment in the past two years, the Harris survey results showing favorable attitudes, cost savings in HMOs, and the efforts of both Medi- caid and Medicare officials to experiment with prepaid systems all suggest that HMO enrollment will continue to undergo substantial growth as predicted by diffusion theory.
Growth in health maintenance organization enrollment will taper eventually. Portions of the U.S. population will continue to be served in the first and second compartments. Growth of preferred provider plans (discounted fees for services) may sustain the first compartment, although these plans may have a similiar restraining effect on the requirements for physicians as in the prepaid capitated systems. Growth rates in health maintenance organizations averaging 15 percent per year would result in a doubling of enrollment every five years to a total enrollment of 145 million, more than half of the U.S. population, by the year 2000. For the purposes of this discussion, an HMO enrollment projection of 120 million with an estimated total U.S. population of 270 million by the year 2000 is used.
Professional staffing patterns in HMOs follow the fixed proportions model which bases the physician requirements on the number of enrollees. Variations exist regarding use of family physicians or general inter-3 2 HEALTH AFFAIRS | Spring 1986 number of pediatricians as did the GMENAC estimates for the entire U.S. population.
Physicians And The Third Compartment In The Year 2000
HMO plans are relatively closed systems. As enrollments rise, additional specialists are employed. The need to refer patients to specialists outside of the plan for consultation and treatment diminishes. Only a small number of patients are enrolled in two plans simultaneously, occurring when each spouse has a family plan purchased by separate employers. A few patients occasionally will use local fee-for-service providers because of geographic convenience or because of the urgent nature of the illness. Although it has not been studied carefully, such out-of-plan use is thought by most HMO observers to be small, in the 2 to 5 percent range. Therefore, for practical calculations the third compartment can be considered a circumscribed market employing a relatively fixed number of physicians that varies only according to enrollment growth. Remaining physicians, those not practicing in prepaid systems, must be absorbed into the first compartment which can take on physicians more readily than either the second or third compartments.
Exhibit 4 illustrates the effects of applying the concepts of compartments and the fixed proportions model for determining the requirements for physician services. The figures in the 1978 column are actual. In the column for year 2000, projections of aggregate U.S. population and aggregate number of physicians have probable margins of error that are small and inconsequential. An assumption of less certainty, however, pertains to the estimated HMO enrollment of 120 million in the year 2000. Nevertheless, assuming for year 2000 an HMO enrollment of 120 million, with a staffing pattern of 120 physicians per 100,000 enrollees, the number of physicians per population will be almost three times greater in the first and second compartments than in the third. Comparing the combined first and second compartments (nonfederal and federal) to the third compartment (prepaid group practices) by creating a ratio between them for the year 2000, the first-second will have l.25 times larger population, 3.4 times greater number of physicians, and 2.7 times greater ratio of physicians to population, or one physician for 310 patients in the first and second compartments contrasted with one physician for 833 patients in the third compartment. If the projected enrollment in HMOs for year 2000 is overstated by a factor of two, and the actual enrollment becomes 60 million rather than 120 million, it will reduce the physicians per 100,000 population to 231 in the first-second compartments while the third compartment remains the same at 120, or a resulting ratio of 1.9 to 1. Similar computations can be made for each of the specialties. For most of the internal medicine subspecialties and surgical specialties the ratios comparing the compartments would demonstrate even greater disparity, forecasting substantial enrichments in the concentration of specialists in the first compartment.
The manpower implications of a large supply of physicians in the first compartment will be accentuated by an array of arrangements and regulations being implemented, which are designed to constrain utilization and costs. These constraints include selective contracting (preferred provider organizations), mandatory second opinions, expense-sharing through copayments and deductibles, and diagnosis-related groupings for hospitals and perhaps for physicians in the future. In addition, a consciousness is emerging showing that higher rates of utilization of physicians and services in one area compared to another does not necessarily result in an improved health status for the more richly served population. The net result of these factors all working toward the same direction will be a steady decline in the demand for the time of individual physicians. How are physicians going to use their unencumbered professional time?
Consequences Of Increased Physician Time
A trend toward a declining demand for the time of individual physicians (aggregate divided by the aggregate number of physicians) is already evident in data demand by the whole population for physician time collected by the AMA's Socioeconomic Monitoring System which shows a 12 percent decline in the number of outpatient visits per physician per week between the second half of 1982 and the second half of 1984.
13 By itself, declining demand for physician time does not appear to generate the development of public policies. On the contrary, the growth in the number of physicians seems to enable the introduction of innovations in the organization and financing of health services. A heightened competitive environment is facilitated.
The consequence for individual physicians and the opportunities for their professional organizations are not trivial. Declining demand for physician time bears a reciprocal relationship to an increased availability of unencumbered time. How are physicians going to respond to their increased available professional time? Has an opportunity, or a genuine need, arisen for leadership by professional organizations in a new domain of concern? Physicians can utilize their unencumbered professional time in many ways among which are the following: More time per patient. Physicians, their patients, and other health professionals all recognize that in clinical circumstances more time spent with many, perhaps most, patients would be desirable. The elder population requires more time to prepare for an examination, to provide a good history, and to understand the physician's recommendations. Phy sicians could play a more active and more useful role in health promotion and disease prevention. Most patients wish they could have more conversation with their doctor.
More time for continuing medical education. This should receive high priority not only because new knowledge pertinent to everyday practice is being generated so rapidly, but also because each physician will experience a lesser volume of contact with many medical conditions. Physician skills, therefore, are in danger of becoming obsolete or not readily retrievable because of lack of use. There is a need for new objectives, processes, and means of evaluations in continuing medical education. Lessons to be learned from the experiences of others must be experienced by the physician as if they were happening in his own practice. There is a great need for creative efforts from educators.
More time to teach. Every physician teaches. Half or more of all physicians teach medical students and residents. In everyday practice physicians teach nurses, other care givers and, importantly, patients. Greater physician efforts applied to teaching students and parents in primary and secondary schools about good health practices would be most welcome. The respect and admiration with which physicians are viewed in their community make them powerful forces for the adoption of healthier habits of living.
More time for care of the poor. As many as 30 million Americans do not receive adequate health care because they lack funds or insurance to purchase it. This dreadful neglect, in a nation of ample resources in every category, is well-known to government, physicians, and every citizen who is even remotely observant. Yet, we lack the will for remedy. Physicians could perform a vital public service and regain some of the status the profession has lost during the past twenty years by providing free or low-charge services for the poor in their offices or in other health facilities in the community. Would not everyone benefit, patients, individual physicians, the medical profession, and society at large if physicians adopted an explicit pro bono ethos? 
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More time for leisure. This option, although warranted for some to allow more opportunity to meet family responsibilities and for personal development, would represent a reprehensible waste of skilled, expensive, and privileged talent. if it. became the mode for siphoning the unencumbered time of the profession as a whole.
The professional organizations, particularly the AMA, the National Medical Association, and the American Osteopathic Association, need to take the lead in raising the profession's consciousness to the reality that we have bona fide choices to make related to our resources of talent and time.
